Gravitational Waves (GW's) could determine the luminosity distance of progenitor directly from the amplitude of the wave, without assuming any specific cosmological model. Thus, it can be considered as a standard siren. The coalescence of binary neutron stars (BNS) or neutron star-black hole pair (NSBH) can generate GW's as well as the electromagnetic counterpart, and can be used to determine the redshift of the source. Consequently, such a standard siren can be a very useful probe to constrain cosmological parameters. In this work we consider an interacting Dark Matter-Dark Energy (DM-DE) model. Assuming some fiducial values from model parameters, we simulate the luminosity distance and redshift for 200, 500, 800 and 1000 GW events, which can be detected by the third-generation GW detector Einstein Telescope (ET). With these simulated events, we perform a Monte Carlo Markov Chain (MCMC) to constrain the DM-DE coupling constant and other model parameters in 1σ and 2σ confidence levels. We also investigate how GW's can improve the constraints obtained by current cosmological probes.
I. INTRODUCTION
The observations from type-Ia supernova (SnIa) [1, 2] , Cosmic Microwave Background (CMB) [3, 4] , Baryon Acoustic Oscillations BAO [5] and Redshift Space Distortions [6] appointed to an acceleration in the expansion of the Universe. The acceleration can be explained by the presence of a negative pressure component, called dark energy (DE) .
The standard, acceptable model consistent with observations is the ΛCDM, where the Universe is dominated by a cold dark matter (CDM), and dark energy is identified with the cosmological constant Λ associated to vacuum energy with equation o state (EoS) ω de = −1. However, this explanation of DE is not satisfactory from a theoretical point of view, facing the fine tunning [7] and the coincidence problem [8] . The coincidence problem can be stated as follows: how the current value of dark matter and dark energy density is so similar if the time evolution of each component is so different? To alleviate the coincidence problem, an interacting dark sector scenario has been proposed. In such a scenario, energy is exchanged between Dark Matter (DM) and DE. These models are compatible with observations [9] [10] [11] . Moreover, it has been shown that an interaction in the dark sector can solve the tension in the value of Hubble constant H 0 obtained by local and global measurements [12, 13] . For a more complete review of interacting dark sector models see [14] .
In order to better constrain the parameters of each cosmological model, we need to improve the capabilities of current cosmological probes like SnIa, CMB and BAO. Note that all these probes are based on electromagnetic radiation. A different method was first proposed by [15] based on gravitational waves (GW) detection from merging compact binaries sources like binary neutron stars pairs (BNS) or neutron stars-black holes (NSBH). From the gravitational wave signal we can measure the luminosity distance d L and from electromagnetic counterpart we can measure redshift z of the source. Thus, we can construct a d L − z diagram and constrain the expansion history of universe and the cosmological parameters, complementing the current cosmological probes. In analogy to SnIa, which can be considered standard candles, GW from merging compact binaries can be considered standard sirens (SS). The method is self-calibrating, i.e., do not need any cosmic distance ladder.
The viability of the standard siren method can only be attested in practice with the first GW detections by LIGO collaboration [16] . So far there have been six individual detections, five binary black-holes (BBHs) [17] [18] [19] and one binary neutron star (BNS) [20] . The latter is called GW170817 event. The electromagnetic counterpart has also been observed [21] [22] [23] . GW170817 has become the first standard siren detected, with redshift z = 0.008 . This result has profound implications for many modified gravity theories and dark energy models [25] [26] [27] [28] . From a more complete review of GW astronomy, see [29] .
The third generation (3G) GW detectors are the space interferometer LISA [30] , and the ground-based interferometers such as Einstein Telescope (ET) [31] in Europe and Cosmic Explorer in USA [32] . The ET consists in three underground detectors distributed in the form of an equilateral triangle with 10 km arm, covering the frequency range of 1 − 10 4 Hz and is expected to detect a rate of 10 3 − 10 7 events of NS-NS and NSBH coalescence per year, but we expect to see O(10 2 ) events with electromagnetic counterpart. Forecasting with GW's which could be detected by ET is a question discussed by [33, 34] in the context of ΛCDM model. Extra parameters like cosmic opacity [35] and interaction in vacuum-energy [36] are forecasting with gravitational wave standard siren (GW SS). In this work, we will simulate GW's in the context of a phenomenological interaction dark sector model. Our goal is determine how GW data only are been able to constrain model parameters and how these data can improve the constrains obtained by current cosmological probes like SnIa, cosmic chronometers and BAO. In the conclusions we will compare our results with the results obtained in [36] .
The paper is organized as follows. In section II we present the method to use GWs as standard sirens and detection with ET telescope. In section III we present a different class of interaction models, in section IV we explain the methodology, and section V we present the results. Finally, the conclusions are present in section VI.
II. GRAVITATIONAL WAVES AS STANDARD SIRENS
The GW signal can provide a measure of luminosity distance, thus considered a standard siren, in analogy to SnIa, which is considered a standard candle. The theoretical expression from luminosity distance in a FLRW flat space-time is
where E(z, Ω) = H(z, Ω)/H 0 is the normalized Hubble function, which depends on the redshift z and the parameter set Ω which characterizes the cosmological model. The distance modulus corresponds to a logarithmic form of luminosity distance,
The GW amplitude depends on the so-called chirp mass of a compact binary system, defined as M c ≡ M η 3/5 , where M = m 1 + m 2 is the total mass of the system and η = m 1 m 2 /M 2 is the symmetric mass ratio. The chirp mass can be measured by GW signal phasing [33, 34] , thus we can obtain d L from GW amplitude. Interferometers measure strain h(t), which is the relative difference between two distances. In transverse-traceless gauge characterizing by "plus" modes h + and "times" modes h × , the strain is given by
where F +,× are the beam pattern functions, ψ is the polarization angle and (θ, φ) are angles of location of the source in the sky. The ET beam pattern functions is given by
Since the three interferometers are arranged in an equilateral triangle with 60
• angle with each other, the two other beam pattern functions are related to the first by F
It is important to make clear that from now on when we refer to chirp mass, we will be referring to observed chirp mass, related to physical chirp mass by a redshift factor, i.e, M c,obs = (1 + z)M c,phys . The Fourier transform H(f ) of the strain h(t) is
where Ψ(f ) is a phase and the amplitude is given by
where ι is the angle between the angular orbital momentum and the line of sight. We will generate a mock catalog d L − z by coalescence of BNS and NSBH pair in mass range [1 − 2]M for neutron stars and [3 − 10]M from black holes, where M is the solar mass. The ratio between BNS and NSBH event is q = 0.03 that make BNS the majority of GW sources.
The redshift distribution of the observable sources follow the function [33, 34] 
where
is the comoving distance and R(z) describe the redshift evolution of burst rate and takes the form
which is a fit created by [39] based on estimates obtained by using population synthesis models and the cosmic star formation history [38] . Following [33, 34] , since the maximal inclination of ι = 20
• , we consider ι = 0
• and assume that the amplitude (6) does not depend of the polarization angle ψ.
To perform the complete simulation, we need the noise power spectral density S h (f ) (PSD) of ET given in [33] to calculate the Signal-to-Noise ratio (SNR) of the network of three independent interferometers
The inner product of two functions a(t) and b(t) is defined as
whereã(f ) andb(f ) are, respectively, the Fourier transforms of a(t) and b(t). The lower limit in frequency of ET is f lower = 1 Hz and the upper limit is given by f upper = 2/(6 3/2 2πM obs ) where M obs = (1 + z)M phys is the observed chirp mass [33] .
The standard Fisher matrix method is used to estimate the instrumental error in luminosity distance, assuming that this parameter is uncorrelated with any other GW parameters [40] , so that
Since
To take into account the effect of inclination ι, were 0 • < ι < 90
• we add a factor of 2 in the instrumental error. Therefore
Thus, the total uncertainty on luminosity distance is
The uncertainty in the distance modulus (2) is propagated from the uncertainty in luminosity distance (13) as
that we use to generate the mock error bars in distance modulus catalog.
III. INTERACTING DARK SECTOR SCENARIO
We consider a homogeneous and isotropic background described by a spacial flat Friedmann-Lemaître-Robertson-Walker (FLRW) metric. The total energy density ρ tot consists of four species: ρ tot = ρ dm + ρ de + ρ b + ρ r where "dm" denotes dark matter, "de" denotes dark energy, "b" baryons and "r" radiation (photons and neutrinos). Since the nature of DM and DE is still unknown, and they dominate the energy content of the universe today, it is reasonable to consider that the two components of the dark sector can interact with each other. However, the coupling must be small in view of the fact that the ΛCDM model agrees very well with the data and the interaction model can not deviate much from the ΛCDM predictions.
Baryons and radiation evolve independently of other components, but dark matter and dark energy evolve following the coupled conservation equationρ
in such a way that the total energy density of the dark sector is conserved. In equations (15) and (16) , dot represents derivative in respect to cosmic time, ω represents the dark energy equation of state and Q is the coupling. Note that Q > 0 means that the energy transfers for dark energy to dark matter and for Q < 0 we have the opposite. By dimensional analysis, we know that the coupling function Q must have dimension of energy density ρ over time t. We consider three phenomenological models: Model I where Q = 3Hξρ dm , Model II where Q = 3Hξρ de and Model III where Q = 3Hξ(ρ dm + ρ de ). Here, ξ is the coupling constant.
A. Model I
For this model, we can solve the system (15) and (16) and obtain the analytical solution as a function of the redshift z for dark matter and dark energy densities, respectively,
where the normalized Hubble function E(z) = H(z)/H 0 is given, as usually, by the expression
Here, the evolution of dark energy and dark matter densities are, respectively,
and the normalized Hubble function is given by the expression
C. Model III For these model, we have the analytical forms of dark matter and dark energy densities
and normalized Hubble function
where γ dm = 1 e γ de = 1 + ω, ∆ = γ dm − γ de , λ ± = −1 − ω 2 ± ω(ω + 4ξ) and
IV. METHODOLOGY
We generate a sampling with 200, 500, 800 and 1000 coalescing events. The distribution of events with redshift follows (7) and we calculate the respective d L (z) and µ(z) of each event assuming each interacting model as a fiducial model. We consider as fiducial values the best-fit parameters obtained with Planck2015 + BAO + SNIa + H 0 data in reference [10] (see Table I ). The Model II will be split in two parts: Model IIA with ω < −1 and Model IIB with −1/3 < ω < −1. Model I and Model III are restricted to ω < −1. These constraints is due to stability in curvature perturbations [41, 42] . An important observation is we consider all the matter as dark matter and will disregard Baryons, i.e, Ω m = Ω b + Ω dm = Ω dm . We also disregard radiation. These approximations are justified because in background we cannot discriminate baryonic matter from dark matter, and we are just interested in how future GW detections are able to constrain interaction models. (9) for each set of random sample, and confirm the detection if ρ net > 8.0. If the detection is confirmed we calculate the error σ d L and σ µ by (13) and (14) respectively. Finally, we consider as the "real" detection a Gaussian dispersion around fiducial values, i.e, d
. Thus, we can simulate a sampling of GW sources with their respective luminosity distance and redshift as we can see in Fig.(1) where we simulate 1000 detections. In figure (2) we show µ(z) − z simulated catalog for the same 1000 detections. After generating the sampling, we are able to constrain the set of model parameters Ω = {Ω m , H 0 , ω, ξ}. We calculate χ 2 for N simulated data points, given by
wherez i ,μ i andσ i µ is respectively the ith redshit, distance modulus and error of distance modulus of each simulated data sets. Finally, we use MCMC (Monte Carlo Markov Chain) from emcee code [43] to find the set of parameters Ω that minimize χ 2 .
V. RESULTS
In this section we present the constraints obtained for each interaction model. First, we present the constraints obtained only with GW. We simulated 200, 500, 800 and 1000 binary mergers events, in order to determine how the increase in the number of detections can improve the constraints in model parameters. Second, we compare GW with current cosmological probes. We use 1048 SnIa data from the latest Pantheon sample [44] , 30 measurements of Hubble parameter from Cosmic Chronometers [45] [46] [47] [48] [49] and six Baryon Acoustic Oscillations (BAO) data from [50] [51] [52] [53] [54] . In addition, we consider the most recent measurement of Hubble Constant H 0 = 74.03 ± 1.42 km s −1 Mpc −1 from Hubble Telescope [55] . We ran the MCMC algorithm with SN+H(z)+BAO data, and then we added 1000 GW simulated data in order to determine how GW data can improve the constrains obtained with current cosmological probes.
A. Model I
In table II we list the 68% confidence levels (C.L.) for Model I (Sec.III A) parameters to 200, 500, 800 and 1000 binary mergers events. In figure 3 we show the 1-D and 2-D posterior distributions for parameters. The figure show that distributions are compatible with fiducial values present in table I. For all cases, the coupling constant at 68% C.L. is compatible with zero. However, the constrains in ξ don't improve significantly as we increase the number of events. From 200 to 1000 detections, the error bars reduce in 1%. Nevertheless, from 200 to 500 detections the central value of ξ is more close to zero, what remains in 800 and 1000 detections. The parameter which present the best improvements is the matter density Ω m , where the constrain improve in 35% from 200 to 500 detections, staying constant to 500 to 1000 detections. In H 0 there is a decrease of 17% in error bars from 200 to 1000 detections and a improvement of 12% in dark energy equation of state constraint. In table III we present the constraints at 68% C.L. from the combined data of SN+H(z)+BAO and SN+H(z)+BAO+GW. The 1D and 2D confidence contours are present in fig.(4) , where we can see the improvements due to addition of GW simulated data . In coupling constant ξ we obtain an improvement of 36% due to GW addition. Furthermore, the addition of GW being the central value of ξ virtually equal to zero . The best improvements due to the GW addition is in Hubble constant H 0 , which was 78%. the error bars decreased in 37% for Ω m and 15% for ω. We also can see that the data predict a value for DE EoS different of −1. Another effect arising from GW addition is to break the degeneracy between H 0 and another parameters. Model IIA is where the coupling is proportional to dark energy density (Q = 3Hρ de and ω < −1. In Table IV we list the 68% C.L. In figure 5 we show the 1-D and 2-D posterior distributions for parameters. The improvement in coupling constant ξ is 20% from 200 to 1000 detections and the data appointed for positive values. In the same interval, Ω m has an improvement of 12%, H 0 an improvement of 68% and for ω it is 49%. In model IIB the coupling is proportional to dark energy density, i.e., Q = 3Hξρ de and −1 < ω < −1/3. In Table VI we list the 68% C.L. for Model IIB parameters to 200, 500, 800 and 1000 GW detections. In figure (7) detections increase, however, from 800 to 1000 detections the error bars increase again. The coupling is restricted to negative values, being that GW only can't provide good constraints in ξ. For Ω m , H 0 and ω, the improvements when we increase the number of GW detections from 200 to 800 are respectively 37%, 49% and 46%. The effect of the addition of GW to SN+H(z)+BAO data can be seen in table VII and figure (8) . The data appointed to a negative coupling, with an improvement of 35% due to the addition of GW simulated data. There is a improvement of 66% in H 0 and 46% in Ω m . The degeneracy between these two parameters can be broken due the addition of GW. For the DE EoS, the data pointed to ω = −1. There is no improvement in this parameter due to the addition of GW simulated data. In Table VIII we list the 68% C.L. for Model III (Q = 3Hξ(ρ dm + ρ de ) and ω < −1) parameters. There is a gain precision of 16% in coupling constant from 200 to 1000 GW detections, and the data pointed to positive coupling. The bigger gain precision is in Hubble constant, where the decrease in error is 71% from 200 to 1000 detections. In Ω m the improvement is 51% in the same range of detections, and GW only does not provide good constrains in DE EoS. It is important to note that there is no significant improvement in the constraints from 800 to 1000 detections. The addition of simulated GW data to supernova, cosmic chronometers and baryon acoustic oscillations provides good improvement in constraints (Table IX) . In the coupling constant the gain of precision due to GW data is 27% with the coupling restricted to positive values, which implies in a transference of energy from DM to DE. The constraint in the coupling is not compatible with ξ = 0. As in previous models, the parameter with best improvements is H 0 (60%). In Ω m the improvement is 14% and there is no improvement in DE EoS, with the data pointed to ω = −1. In contrast with previous models, there is no break of degeneracy between H 0 and another parameters. Instead, there is an inversion of correlation between Ω m and H 0 and ξ and H 0 , in which the correlation changes from positive to negative due to the addition of GW simulated data. This important feature can be viewed in figure (10) where 1D and 2D probability distributions are presented. We can see that inclusion of GW shifts the main value of Ω m and ξ more than 2 standard deviations. 
VI. CONCLUSIONS
Gravitational waves as standard sirens can be a very usefully cosmological probe in near future. Third generation detectors like Einstein Telescope can improve current GWs observations and have sensibility to detect an order of 10 2 events per year, which is enough to impose constraints as good as the current cosmological probes.
We consider a non trivial dark sector where dark matter and dark energy interact with each other. Assuming four phenomenological interaction models as fiducial cosmologies, we generate 200, 500, 800 and 1000 binary mergers events and use them as standard sirens to forecast possible constraints in these models. In general, as we increase the number of events, we obtain more restrictive confidence contours. However, there is no significant gains in precision due to increase in GW detections from 800 to 1000 events. In the case of model IIB, there is even an increase in error. We also see that the most sensitive parameter due to standard sirens is the Hubble constant.
The addition of simulated gravitational wave standard sirens to current supernova, cosmic chronometers and baryon acoustic oscillations data provide significant increase in constraints. For the Hubble constant there is a decrease of ∼ 60 − 80% in error, which suggests that standard sirens can help solving the tension in H 0 in the near future. It has also been shown that the addition of GW data can break the degeneracy between H 0 and other parameters for the case of model I, IIA and IIB. However, for model III, the correlation between H 0 and another parameters is inverted due to the addition of GW.
In the case of the coupling constant there is a gain in the precision around 20 − 40%, and the models I and IIA are compatible with null interaction in the 68% limit, while model IIB and model III are strongly constrained to negative and positive values respectively. For the dark energy equation of state, the addition of GW does not provide significant improvements in constraints. For model I and IIB the data pointed to ω = −1 while model IIA and III the data pointed to ω = −1.
Our results is compatible with the results given in Yang et al., [36] for interacting vacuum-energy models, where the coupling has the form Q = 3Hξρ de as in our model II but the DE equation of state is fixed, w = −1. The authors of [36] find an improvement of 17% in ξ and 35% in H 0 due to addition of GW simulated data to CMB+BAO+SN data. Both works provide evidence of the great power that standard sirens, improving the constraints obtained by current cosmological probes. Concluding, gravitational waves will be a very useful observable in cosmology.
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